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ABSTRACT 
Cassia ala ta Linn. ( C. ala ta Linn.) is a shrub believed to have antimicrobial activity towards certain bacteria 
including Staphylococcus aureus (S. aureus). Thus, the flower extracts of C. alata Linn. were investigated for 
their antimicrobial activity on the strains of S. aureus. The extraction of the flower was done in four solvents 
which were n-Hexane, ethyl-acetate, sterile distilled water and ethanol. After the extract was diluted to the 
concentration of IO µg/µI, it was shown to best inhibit the growth of S. aureus for the solvent ethyl-acetate and 
n-Hexane. That shows a higher concentration is the best condition to exhibit the antimicrobial properties for C. 
alata Linn. extract. The antimicrobial testing were carried out using well diffusion, minimum inhibitory 
concentration (MIC) and time kill assay. The extracts used were dissolved in four solvents that were n-Hexane, 
ethanol, ethyl acetate and sterile distilled water. The extracts were extracted using maceration and Soxhlet 
techniques. The MIC values obtained for solvents extracted using maceration technique were 1200 µg/µL for n- 
Hexane and ethanol while 300 µg/µL for ethyl acetate. There were no inhibitions in sterile distilled water. The 
MIC value for n-Hexane and ethyl acetate extracted using Soxhlet technique was 600 µg/µL and 2400 µg/µL for 
ethanol and distilled water, respectively. Therefore, there is the potential use of Cassia alata Linn. extracts to 
inhibit cellulitis causing agent S. aureus. 
Key words: Cassia alata Linn., cellulitis, S. aureus, antimicrobial 
ABSTRAK 
Cassia ala ta Linn ( C. alata Linn) merupakan salah satu tumbuhan yang dipercayai mempunyai aktiviti 
antimikrobial terhadap sesetengah bakteria termasuk Staphylococcus aureus _(S. aureus). Oleh ha! yang 
demikian, eksperimen dijalankan untuk menguji keberkesanan ekstrak bunga C. alata Linn. menghalang aktiviti 
antimikrobial bakteria S. aureus. Pengekstrakan bunga dilakukan dalam empat pelarut iaitu n-Hexane, ethyl 
acetate, air suling steril dan etanol. Setelah ekstrak bunga dilarutkan kepada kepekatan sebanyak 10 µg/µl, ia 
menunjukkan pengekangan pertumbuhan S. aureus untuk sesetengah pelarut. Hal ini menunjukkan bahawa 
kepekatan yang tinggi merupakan satu keadaan yang sesuai dan terbaik untuk memperjelaskan sifat 
antimikrobial ekstrak C. alata Linn. Ujian antimikrob telah dijalankan dengan menggunakan resapan dalam 
agar, kepekatan penghalang minimum (MIC) dan ujian pembunuh masa. Ekstrak yang digunakan telah 
dibubarkan dalam empat pelarut iaitu n-Hexane, etanol, etil asetat dan air suling steril. Ekstrak telah diekstrak 
menggunakan teknik menyusut dan Soxhlet. Nilai-nilai MIC yang diperolehi untuk pelarut yang diekstrak 
menggunakan teknik menyusut ialah 1200 µg/µL untuk n-Hexane dan etanol manakala 300 µg/µL untuk etil 
asetat. Tiada penghalangan dalam air suling steril. Nilai MIC untuk n-Hexane dan etil asetat yang diekstrak 
menggunakan teknik Soxhlet adalah 600 µg/µL dan 2400 µg/µL untuk etanol dan air sulingan. Oleh itu, ekstrak 
Cassia alata Linn. mempunyai kebolehan untuk menghalang agen penyebab selulitis iaitu S, aureus. 
Kata Kunci: Cassia alata Linn., selulitis, S. aureus, antimikrobial 
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Cellulitis is described as severe infection of soft tissues that can be detected with 
certain characteristics. The characters of this illness are the expansion of erythema area in 
which warmth, swelling, redness and tenderness are expressed. Endemic bacteria that 
colonize the skin such as Streptococcus pyogenes (S. pyogenes) and Staphylococcus aureus 
(S. aureus) may have cause cellulitis (Joseph, Abraham, Soman, Mathew, Ganga & 
Vijayan, 2014). 
One of the causing agent of the disease known as cellulitis is the Staphylococcus 
aureus (S. aureus). This is because the bacteria are one of the endemic bacteria that 
colonize the skin (Joseph et al., 2014). S. aureus, that are Gram-positive bacteria can be 
found primarily on the skin, nose, hair and throats of people and animals. These bacteria 
may cause harm although at quite some time it may have no effect. Fatal infections include 
pneumonia, food poisoning and the most common is skin infection. The effect of S. aureus 
can be treated easily by using antibiotics or draining their infection in skin infections. 
However, when it developed the antibiotic resistant known as methicillin-resistant 
Staphylococcus aureus (MRSA) making it hard to be treated. Therefore, the demand of 
developing new agents is needed as the number of pathogens developed resistance are 
increasing and the current antimicrobial agents may also have undesirable effect. This 
study focuses on the antimicrobial activity of n-Hexane, ethyl-acetate, sterile distilled 
water and ethanol extracts of the flowers of Cassia alata Linn. against the S. aureus. 
The Cassia alata Linn. ( C. alata Linn.) plant is known to have antimicrobial, anti- 
inflammatory and anti-oxidative activities (Ibrahim & Osman, 1995) and it is also a 
medicinal plant that has antibacterial activity which makes it suitable to be the potential 
agent for treating diseases. This plant synthesizes chemicals, for instance lipids, nucleic 
1 2 
acid, carbohydrate and proteins that are essential for the plant through several pathways 
such as the Krebs cycle. These chemicals are suitable and potentially able to cure skin 
diseases. The components extracted and suitable solvent used allows the potential and 
ability of the C. alata Linn. plant to have antimicrobial activity toward the S. aureus. 
This experiment was conducted in the conjuction to achieve the following 
objective: 
1. To extract the plant compound from C. alata Linn. 
2. To identify the compound present in the extract. 
3. To carry out antimicrobial testing on the C. alata Linn. extracts in order to 
investigate and study the antimicrobial activity. 
2 
/ 
2.0 Literature Review 
2.1 Plant extract (Cassia alata Linn.) 
Cassia ala ta Linn. ( C. alata Linn.) is a plant that is known to be one of the important 
species in Cassia genus which is rich in anthraquinones and polyphenols. These plants 
acquire variety of medicinal use and it is grown the ornamental plants according to 
Gritsanapan and Nualkaew (2001). Previous studies showed that this plant have the ability 
to treat skin infections in man. There is an acid extracted from this plant known as 3,4- 
dyhydroxycinnamic acid which have the antibacterial activity against the Gram-negative 
and Gram-positive bacteria (Meenupriya, Vinisha & Priya, 2014). All parts of this plant are 
useful in which the extracts of root and leaves too are showing inhibitory property toward 
some bacteria such as Salmonella typhi, Staphylococcus aureus and Escherichia coli. 
2.2 Bacterial strains 
2.2.1 Staphylococcus aureus (S. aureus) 
The Gram-positive bacteria, S. aureus is known to be the most dangerous of all the 
common Staphylococcal bacteria. Some ways for the bacteria to spread are being in 
contact with the infected person, inhales the infected droplets which have been dispersed 
through several ways such as sneezing or coughing and also utilizing contaminated objects. 
When the bacteria infect the skin, abscesses will occur as a symptom of infection. It also 
may produce enzymes that are harmful and damaging such as lysozymes, hyaluronidase, 
exotoxins and proteases (Geunes et al., 1994). These bacteria also may travel through the 
bloodstream and infect distant organs. 
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2.3 Cellulitis 
A skin disease known as cellulitis is the infection of dermis and subcutaneous tissue 
that has poor borders. The infections are usually caused by the bacteria of Staphylococcus 
or Streptococcus species. Cellulitis occurs close to the breaks of the skin, for instance, 
trauma, ulceration, and surgical wounds (Joseph et al., 2014). A person may experience an 
increase in white blood cell count and fever when being infected by the causing agent of 
this disease. This skin infection when caused by the S. aureus shows an infection which 
has a localized centre which then spreads. Cellulitis are divided into four classes in which 
each classes shows different symptoms and degree of fatality. Class I patient would usually 
show no sign of systemic toxicity and oral antimicrobials are usually the treatment. Class II 
on the other hand are located between systemically well or ill with the comorbidity such as 
morbid obesity causing the delay treatment in patient. Next, when the patient experience 
revealing systemic upset which interfere with the therapy response, these patient are 
considered to be suffering class III cellulitis. Lastly, class IV patient will have sepsis 
syndrome and life threatening infection that is severe, such as necrotizing and fasciitis. 
Cellulitis may be cured using herbal medicines besides using therapy and antibiotics 
(Joseph et al., 2014). 
2.4 Extraction Method 
Extraction is defined as the separation of the active portions of plants by using 
suitable solvents through standard procedure (Azwanida, 2015). Plants which are complex 
matrices produce various metabolites, primary and secondary that have different polarity 
and functional group. Therefore, this method is used or carried out to separate these 
metabolites between those that are soluble and non-soluble. 
4 
2.4.1 Maceration Technique 
This technique is used in wine making which then adopted to be used widely in 
plant research. In this method, it involves soaking and agitation of plant materials and 
solvents together (Raaman, 2006). Thus, the plant materials will be soaked in a closed 
container with a known amount of solvent and being put in room temperature for a period 
of minimum 3 days with frequent agitation (Hand a et al., 2008). The aim of this process is 
to soften and breaks the cell wall of the plant in order to release the soluble 
phytochemicals. However, there is a limitation in this technique in which there would be 
organic waste produced due to the usage of large volume of solvents and therefore a proper 
management of waste disposal is needed. 
2.4.2 Soxhlet Extraction Technique 
In this method, it utilizes finely grounded sample which will be put into porous bag 
or in a "thimble" made from cellulose or strong filter paper. Then, it will be placed on the 
thimble chamber of the soxhlet apparatus. The extraction solvent will then be heated in a 
bottom flask which then evaporate and enter the sample thimble. Next, it condenses in 
condenser and drip back. When compared to the maceration technique, this method 
requires lesser amount of solvent. Even so, it requires solvent of high-purity which means 
it will be costly. There also will be exposure to flammable and hazardous liquid organic 
solvents (Randa et al., 2008). 
2.5 Antimicrobial Susceptibility Testing 
Antimicrobial susceptibility testing is carried out to test the susceptibility of 
selected bacterial isolates. It aims to detect possible drugs resistance in pathogens and also 
to ensure the susceptibility to drugs of choice for the particular infections. Some common 
testing methods are rapid automated instruments method and broth microdilution which 
Z 
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uses material that had been marketed. Disk diffusion and gradient diffusion method are 
examples of method that could provide cost saving and flexibility (Jorgensen et al., 2009). 
The current testing methods that are available may provide accurate results in the detection 
of common antimicrobial resistance mechanisms. 
2.5.1 Well Diffusion Method 
Agar diffusion is the movement of molecules through matrix form by gelling of 
agar. The diffusion is performed under controlled condition and the movement of the 
molecules could relate the concentration of molecules. Therefore, this forms the basis of 
agar diffusion assay used in determining the susceptibility of bacterial strain to 
antibacterial agent. In well diffusion method, the bacterial suspensions are spread on the 
surface of the agar and then wells will be cut into the agar. Next, antibiotic will be placed 
in the well where it will move from a region of higher concentration to the lower 
concentration of antibiotic (World of Microbiology and Immunology, 2003). After a period 
of time, results can be observed either there is clear zone around the well or growth of 
bacteria instead. 
2.5.2 Minimum Inhibitory Concentration 
Minimum inhibitory concentration (MIC) is used to determine the susceptibility of 
an organism towards the antimicrobials. The MIC is the lowest concentration of a drug 
which will inhibit the growth of an organism which is visible after incubation for overnight .. 
(Andrews, 2001 ). MIC is also often being used as to confirm the resistance and to give out 
conclusive results obtained in other methods of testing. 
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2.6 Time-Kill Assay 
Kim (2017) mentioned that, time-kill assay is a technique that is based on the CLSI 
protocol and being used to measure the concentration and time-dependent bactericidal 
activities of the antibacterial agents. This method is carried out after finding out the MIC 
value for the experiment using the microdilution method. In this experiment, the value 
used in time kill assay is the concentration of 2X MIC, the original MIC value and 0.5X 
MIC value. Bacterial suspension will also be diluted to 0.5 McFarland standards and it will 
be added to the different concentration of antibacterial agents. The reading of the sample 
will be taken out at interval of 30 minutes for the duration of 24 hours. 
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3.0 Materials and Methods 
3.1 Plant Material and Bacterial Strain 
The flowers of Cassia alata Linn. (C. alata Linn.) were collected from Kota 
Samarahan and Limbang area and deposited in the department. The bacterial strains of 
Staphylococcus aureus (S. aureus) were obtained from the Bacteriology Laboratory in 
Faculty of Resource Science and Technology, UNIMAS. 
3.2 Preparation of Flower Extracts 
The plant materials were surface sterilised. Surface sterilisation starts with the 
washing of plant materials using 5% sodium hypochlorite, 70% ethanol and 5X distilled 
water. Then, it was left to dry in the oven overnight at the temperature of 40C. The dried 
flowers were grounded and the next step was as follow. 
3.2.1 Maceration Extraction Technique 
The grounded sample were weighed at 5 g and extracted in 50 mL of n-Hexane, 
ethanol, ethyl acetate and sterile distilled water respectively. The samples were extracted 
for 4 times at the interval of 48 hours. Then, they were filtered using the Whatman filter 
paper (Filter Fioroni, France) and concentrated using the rotary evaporator at suitable 
condition which was 40°C at 80 rpm for ethyl acetate and n-Hexane, 40°C at 150-250 rpm 
for water and 50°C at 80 rpm for ethanol. The extract was dried in the fume hood before 
being weighed. 
3.2.2 Soxhlet Extraction Technique 
The grounded samples were weighed at 10 g and the solvent in the bottom flask are 
in a volume of 200 mL. The duration for completing 20 cycles of each solvent is different 
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as their boiling points differ. Thus, a standard of 20 cycles per solvent were carried out to 
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ensure the standardization of the experiment. Then, the sample were also being 
concentrated using rotary evaporator at the condition of 40°C at 80 rpm for ethyl acetate 
and n-Hexane, 40°C at 150-250 rpm for water and 50C at 80 rpm for ethanol. After that, it 
was left to dry in the fume hood before being weighed. The weight of the beaker was taken 
before putting the sample in the beaker. 
After both extraction, in order to obtain the stock solution, the extract will be 
weighed at desired amount and dissolved in 10% ethylene and sterile distilled water. The 
extract concentrations were standardized at 10 µg/µL, 7.5 µg/µL and 1.875 µg/µL. 
3.3 Well Diffusion Assay 
An amount of 15 mL of Mueller-Hinton agar (MHA) were poured into a glass Petri 
dish and allowed to be solidified. Then, the surface of the agar was streaked with bacterial 
strain of Staphylococcus aureus by using a sterile cotton swab. The bacterial strain were 
.. 
cultured in Mueller-Hinton broth (MHB) for 18 hours before carrying out this method and 
density were adjusted to 0.5 Mcfarland standard (10° CFU/mL). The plates will then be 
allowed to standby for 15 minutes (Abbas et al., 2016) before the agar plate were punched 
using sterile tip with diameter of 5 mm. Then, 20 µL of the C. alata Linn. extracts was 
poured using micropipette into each well which then was incubated at 37°C for 18 hours. 
3.4 Determining Minimum Inhibitory Concentration 
The inoculum was also prepared in MHB and the density were standardized or 
adjusted to 0.5 Mcfarland standards (108 CFU/mL). Then, it was diluted to 1: 149 ratios for 
broth microdilution procedure. In the 96-well plate, 120 l. of MHB were poured into well 
2 to well 10 and 12. Another 120 l of 10% ethylene were placed into well 10. Well 11 
were placed with 240 µL of 10% ethylene. A volume of 240 µL of extracts were put into 
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well 1 before taking out 120 µL of it and diluted into well 2 to 9. And lastly, bacteria of 
120 µL were added into all well except for well 10 and 11. Then, the microtiter plate was 
placed in incubator shaker for 18 hours. After that, the microtiter plate was placed in 
ELISA reader. An amount of 20 µL of MTT was added later and the microtiter plate was 
placed again in the incubator shaker for 1 hour. Next, the supernatant available in each 
well were removed and each well were washed with 200 µL PBS before being incubated 
once again for 1 hour. The supernatant were then removed again and lastly, 120 µL of 
acidified isopropanol were added and the plate was placed again in the ELISA reader. The 
result were taken and recorded. 
3.5 Time Kill Assay 
Time kill assay technique was carried out in the 96-well microtitter plate. Extracts 
were done in triplicate and thus the result were averaged. Each solvent were placed for the 
concentration of 2X MIC, IX MIC and 0.5X MIC. Then, the bacterial suspension was 
added for about 100 µL into each well containing the extracts. A section for the bacterial 
growth was done with 100 µL of MHB, 100 µL of 10% ethylene which then later 100 µL 
being removed after mixed before adding 100 µL of bacteria. A standard will also be 




4.1 Extraction Technique 
In the maceration technique of extraction, the ratio of 1: 10 was used for the extract 
and solvent thus meaning a total of 5 g of flower extract added into a conical flask and 50 
mL of each solvent were put into the same conical flask. After being mixed gently and 
shaken well, it was the placed on the orbital shaker as shown in Figure 4.1 for 48 hours 
before filtered out. The orbital shaker was kept at 120 rpm at room temperature. The 
filtered extracts were kept in a bottle stored in a dark cupboard to avoid from getting 
sunlight that would cause evaporation, Extract from sterile distilled water has a pungent 
smell and the colour of the extract was dark brown. The total volume obtained after 4 times 
extraction is 200 mL each solvent except for the distilled water that uses the ratio of 1 :20. 
This is because when applied the 1: 10 ratio, there are growth of fungi in the extract 









Figure 4.1: Grounded samples extracted in solvents using maceration technique on 
orbital shaker. 
In the Soxhlet extraction, obvious colour of the extract can be observed. The 
colours were dark brown for sterile distilled water, yellowish for n-Hexane, yellow- 
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brownish for ethyl acetate and light brown for ethanol. The total amount of volume 
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obtained after the 20 cycles are approximately 200 mL as some may escape as vapour. 
4.2 Well Diffusion with Maceration Technique 
Figure 4.2 shows the result of well diffusion assay that uses the solvent extracted 
using the maceration technique. The control used in this experiment was 10% ethylene 
glycol mono-tert butyl ether. The default diameter of each well was determined to be 5 
mm. 
Figure 4.2: Result of well diffusion assay for maceration technique. 
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The result was showed in Table 4.2 and it showed that only ethyl acetate with a 
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concentration of 10 µL shows a clear zone near the well with the diameter of 11 mm. On 
the other hand, the extracts in solvent n-hexane, sterile distilled water and ethanol shows 
no inhibition zone thus maintaining the diameter of 5 mm which is similar to the control. 
Table 4.2 Result of well diffusion assay for maceration technique. 
10.0 7.5 1.875 
Solvent 
n-Hexane (n-Hex) 5mm 5mm 5 mm 
Ethyl Acetate (EA) 11111111 5 mm 5 mm 
Steriled Distilled Water (dH2O) 5 mm 5 mm 5 mm 
Ethanol (EtOH) 5 mm 5 mm 5 mm 
/ 
13 
4.3 Well Diffusion with Soxhlet Extraction 
( 
Figure 4.3 shows the result of well diffusion assay that uses the solvent extracted 
using the soxhlet extraction technique with a negative control of 10% ethylene glycol 
mono-tert butyl ether. 
Figure 4.3 Result of well diffusion assay for Soxhlet extraction technique. 
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